iO ;  51 


-iU-i  /-i/O 


■ir  UOiV/  l\L, 


/.II/ 9  5 


report  documentation  page 


form  Approved 
OMB  No.  070^-0738 


— - ; - r  (nr  -hiv  ol  miorm^uon  .> ,a  «« CToT5”i 

HuBlic  .eBorCfl  ;,;V.«!,  niUra,  .-.OB  «B,ol«lin,  Jno  rB-K-m,  Ih-  opcr..uoBs  and  rtru,lrl>.  U  IS  Jdtieoon 

wnd..n,.on.  .^c  ^osoi. _ 

0...,  .U.u  . ^ - - - - j  2.  aePOBT  TYPE  ANO  DATES  CUVtKtU 


.  agency  use  only  (ted'/e  blank)  2.  REPORT  DATE 
_ _ _  7/31/95  _ 

i|  A.  TITLE  AND  SUBTITLE 


[  5.  PUNOING  NUMBERS 


i  Role  of  Persistence_-Cues  in  Disorientation/  Motion  Sickness 
j  s.  auThor(S)  I 


a  ^  \  3)  /  c  s 


The  Pennsylvania  State  University 
110  Technology  Center  Building 
j  University  Park,  PA  16802-7000 

19.  SPONSORiWG/ MONITORING  AGENCY  N  AM  ECS)  AND  ADDftESS(ESr 

AFOSR/NL  •  ; 

110  Duncan  Avenue  Suite  8115 
Bolling  AFB  DC  20332-0001 

i  L4-  foC  PAttiW  - - — 

I  11.  SUPPLEMENTARY  NOTES 


a.  PERFORMING  ORGANIZADON 
REPORT  NUMBER 


AFOSR-TR-95 


Q4Cfl 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Unclassified /Unlimited  |  StAYEMEjfLJSi^ 

1  AppxoTed  tea 


DTIC 


AUG  3  0  1995 


[  13.  abstract  (Majc/mu/n  200  words) 

I  The  primary  objective  of  the  three  studies  completed  was  to  determine  whether  motion 

Ij  sickness  susceptibility  was  related  to  different  measures  of  visual  persistence.  In  these  studies, 

motion  sickness  susceptibility  was  determined  by  exposing  the  subjects  to  a  rotating 
optokinetic  drum  while  the  electrogastrogram  and  subjective  indices  of  motion  sickness  were 
1  recorded  concurrently.  Subjects  were  tested  for  persistence  of  visual  cues  using  one  or  more 

j  of  the  following  procedures:  a  walking  task,  a  computer  simulation  task,  a  temporal  measures 

i  of  vection,  and  three  measures  of  spatial  abilities.  In  Experiment  1,  50  subjects  were  tested; 

'  in  Experiment  H,  24;  and  in  Experiment  III,  45  were  studied.  Mixed  results  were  obtained 

I  in  the  three  experiments,  but  in  general,  those  subjects  who  showed  greater  persistence, 

■  reported  more  severe  symptoms  of  motion  sickness.  In  addition,  those  subjects  who  did  poorly 

i  on  a  water  level  test  of  spatial  abilities,  reported  greater  symptoms  of  motion  sickness.  We 

i  continue  to  believe  that  perceptual/cognitive  style  is  germane  to  the  issue  of  individual 

i  differences  in  responding  to  rapidly  changing  visual  environments. 
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The  overall  purpose  of  this  study  was  to  investigate  the  relationship  of  the  persistence  of 
visual  cues  to  motion  sickness  and  disorientation. 

Visual  persistence.  The  effects  of  visual  stimulation  persist  after  the  cessation  of  the  light 
stimulus.  For  tasks  such  as  the  recognition  of  letters  and  words,  this  duration  is  of  the  order  of 
a  fraction  of  a  second.  However,  for  spatial  orientation  cues,  duration  of  persistence  is  orders 
of  magnitude  longer.  Consider  for  example  the  phenomenon  of  autokinesis  in  which  a  small 
light,  viewed  in  an  otherwise  dark  environment,  appears  to  move  erratically.  The  basic  cause 
of  this  phenomenon  is  the  lack  of  structure  in  the  visual  field.  It  is  significant,  however,  that  the 
illusory  movement  does  not  commence  until  some  time,  about  8  seconds,  after  the  structure  in 
the  visual  field  has  been  removed. 

Persistence  of  spatial  orientation  cues  has  been  considered  only  recently  in  the  literature. 
Thomson  (1983)  measured  errors  in  perceived  distance  by  asking  subjects  to  walk  with  closed 
eyes  to  previously  viewed  targets  that  had  been  placed  at  distances  ranging  from  3  to  21  m.  He 
concluded  that  observers  internalize  information  about  space  and  that  this  information  is  available 
for  about  8  seconds.  Data  from  several  other  studies  can  be  interpreted  in  terms  of  the  concept 
of  cue  persistence  (e.g.,  Austin,  Singer  &  Day,  1969;  Matin  &  Li,  1992).  Tyrrell,  Rudolph, 
Eggers,  and  Leibowitz  (1993)  have  demonstrated  that  the  ability  to  locomote  while  blindfolded 
within  the  confines  of  a  previously  viewed  pair  of  parallel  lines  on  the  floor  decays  exponentially 
with  the  delay  between  observation  of  the  lines  and  the  initiation  of  locomotion.  Similarly,  they 
have  demonstrated  that  the  ability  to  remember  the  location  of  a  point  of  light  in  an  otherwise 
dark  chamber  also  exhibits  an  exponential  decay  as  a  function  of  delay. 

Relationship  between  persistence  and  spatial  disorientation/motion  sickness.  While  the 
persistence  of  spatial  orientation  cues  has  adaptive  value  in  preserving  space  constancy  during 
eye  movements,  it  would  hinder  the  acquisition  of  new  sensory-motor  patterns.  At  this  point 
in  time,  we  know  that  persistence  can  be  observed  in  a  variety  of  situations  (see  Tyrrell  et  al. , 
1993  for  a  comprehensive  listing),  that  it  affects  both  sensory  and  motor  responses,  that  it  decays 
exponentially  with  a  half-life  of  10  seconds  or  more,  and  that  intersubject  variability  is  the  rule. 
We  hypothesized  that  this  delay  would  increase  susceptibility  to  motion  sickness  and  spatial 
disorientation. 

GENERAL  METHODOLOGY 

Motion  Sickness.  The  primary  objective  of  the  three  studies  completed  was  to  determine 
whether  motion  sickness  susceptibility  was  related  to  different  measures  of  persistence.  In  these 
studies,  motion  sickness  susceptibility  was  determined  by  exposing  the  subjects  to  a  rotating 
optokinetic  drum  while  the  electrogastrogram  (EGG)  and  subjective  indices  of  motion  sickness 
were  recorded  concurrently.  In  numerous  studies  (e.g..  Stem,  Hu,  Anderson,  Leibowitz  & 
Koch,  1990)  we  have  demonstrated  that  changes  in  the  frequency  of  gastric  myoelectric 
activity,  as  measured  with  the  EGG,  is  a  sensitive,  noninvasive,  physiological  marker  of 
impending  motion  sickness.  We  quantify  the  EGG  change  of  interest  by  doing  a  spectral 
analysis  and  determining  the  power  at  4-9  cpm.  This  measure  correlates  very  highly  with 
subjective  reports  of  motion  sickness  (Stem,  Koch  &  Vasey,  1990). 
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Persistence  of  cues.  Subjects  were  tested  for  susceptibility  to  motion  sickness,  as  described 
above,  and  also  tested  for  persistence  of  visual  cues  using  one  or  more  of  the  following 
procedures: 

1)  Walking  Task—  Subjects  were  permitted  to  view  a  corridor  for  10  seconds,  on  the 
floor  of  which  there  were  two  parallel  lines.  While  blindfolded,  the  subjects  walked  as  far  as 
possible  within  the  confines  of  the  parallel  lines.  The  time  that  separated  the  10  second  exposure 
to  the  corridor  from  the  initiation  of  walking,  the  occlusion  time,  varied  from  2  to  90  seconds. 

2)  Computer  Simulation  Task-  Subjects  were  permitted  to  view  a  computer  screen 
which  contained  two  parallel  lines  with  an  X  between  them  at  one  end  for  10  seconds. 
Following  the  same  occlusion  times  as  were  used  in  the  walking  task,  while  blindfolded,  the 
subjects  used  a  mouse  to  move  the  X  as  far  as  they  could  within  the  confines  of  the  parallel 
lines. 


3)  Temporal  measures  of  vection  (the  illusion  that  the  interior  of  the  drum  appears 
stationary  while  the  subject  feels  her/himself  to  be  rotating  in  the  opposite  direction)  were 
obtained  in  the  rotating  drum  when  motion  sickness  susceptibility  was  tested. 

4)  Spatial  Tasks—  Subjects  completed  a  paper  and  pencil  mental  rotation  task  and  a  water 
level  task.  They  also  completed  the  rod  and  frame  test. 

EXPERIMENT  1 
Method 

Subjects.  Subjects  were  50  Penn  State  students,  17  males  and  33  females.  The 
procedure  for  this  and  the  following  two  experiments  was  approved  by  the  Penn  State  IRB.  All 
subjects  gave  written  informed  consent. 

Apparatus.  Subjects  were  exposed  to  a  rotating  optokinetic  drum  in  order  to  stimulate 
motion  sickness.  The  drum  consisted  of  a  cylinder  91.5  cm  in  height  and  76  cm  in  diameter. 
The  interior  was  covered  with  alternating  3.8  cm  (5.7  degrees)  black  and  6.2  cm  (9.3  degrees) 
white  vertical  stripes.  Subjects  were  seated  inside  the  drum  with  their  heads  positioned  in  the 
center  of  the  drum  and  aligned  with  the  vertical  axis.  A  miniature  television  camera  was  placed 
below  the  subject  in  order  to  monitor  the  subject’s  face  and  eyes.  Verbal  contact  was  maintained 
through  an  intercom  system.  The  drum  was  rotated  clockwise  about  its  vertical  axis  at  ten 
rotations  per  minute.  Subjects  could  request  termination  of  rotation  at  any  time  if  they  became 
too  uncomfortable. 

Symptom  reports  of  motion  sickness  were  collected  using  a  modified  version  of  the 
Pensacola  Diagnostic  Index  (Graybiel,  Wood,  Miller  &  Cramer,  1968)  which  scores  symptoms 
of  dizziness,  headache,  warmth,  sweating,  drowsiness,  salivation  and  nausea  on  a  scale  of  slight, 
moderate  or  severe,  with  the  later  four  symptoms  receiving  greater  weight. 
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EGGs  were  recorded  using  Fetrodes  and  a  Fetrode  bioamplifier  (UFI,  Morro  Bay,  CA) 
attached  to  a  Gould  polygraph.  The  system  had  an  overall  bandwidth  of  0.008-0.3  Hz. 
Fetrodes  for  recording  the  EGG  were  attached  to  the  subject’s  abdomen,  one  above  the 
umbilicus  in  the  lower  one-fourth  of  the  distance  between  the  umbilicus  and  the  xiphoid  process, 
and  one  on  the  subject’s  left  side,  just  below  the  costral  margin  and  8  cm  left  of  the  midline. 
The  Fetrodes  were  referenced  to  an  electrode  placed  on  the  right  side  of  the  subject’s  abdomen, 
6  cm  to  the  right  of  the  subject’s  midline  and  2  cm  above  the  umbilicus.  The  EGG  signal  was 
digitized  at  a  sampling  rate  of  4.267  Hz.  using  an  IBM  compatible  PC  and  a  MetraByte  Dash 
16  analogue  to  digital  board  and  stored  for  later  analysis.  Respiration  was  also  recorded  using 
a  strain  gauge  attached  to  the  Gould  polygraph  in  order  to  check  visually  for  artifacts  in  the 
EGG. 


Procedure.  Subjects  participated  in  2  sessions:  (1)  motion  sickness  testing;  and  (2) 
persistence  testing.  These  sessions  were  scheduled  at  least  1  day  apart  and  were  counter¬ 
balanced  with  every  other  subject  starting  with  the  motion  sickness  testing.  For  the  motion 
sickness  testing,  subjects  were  required  to  come  to  the  lab  after  fasting  for  3  hours  and 
abstaining  from  caffeine,  nicotine,  alcohol  and  drugs  for  at  least  12  hours. 

(1)  Motion  Sickness  Testing 

After  subjects  eurived  to  the  laboratory,  they  read  and  signed  an  informed  consent  form. 
They  were  then  prepared  for  electrogastrogram  (EGG)  and  respiration  recordings.  After 
preparation,  subjects  were  placed  in  an  optokinetic  drum  in  order  to  stimulate  motion  sickness. 
The  drum  period  consisted  of  an  8  minute  baseline,  a  16  minute  rotation,  and  an  8  minute 
recovery  period.  During  the  baseline  and  recovery  the  drum  was  stationary.  During  the  entire 
period,  subjects  were  asked  to  breath  at  12  breaths  per  minute.  Their  breathing  was  paced  with 
the  beat  of  a  metronome.  If  for  any  reason  a  subject  requested  early  termination  of  rotation,  the 
period  moved  directly  into  the  recovery.  Subjects  were  asked  to  rate  the  following  symptoms 
while  in  the  drum:  dizziness,  headache,  warmth,  sweating,  drowsiness,  salivation,  gastric 
distress  according  to  a  scale  of  slight,  moderate  and  severe,  using  a  modified  version  of  the 
Pensacola  Diagnostic  Index.  Subjects  were  asked  to  do  this  before  and  after  the  baseline  and 
before  and  after  the  recovery.  After  the  drum  period  ended,  the  subjects  were  asked  to  complete 
the  Nausea  Questionnaire  ^uth.  Stem,  Thayer  &  Koch,  1995)  and  a  300  mm  visual-analog- 
scale  of  nausea. 

(2)  Persistence  Testing 

The  persistence  testing  consisted  of  a  walking  task  which  was  conducted  in  a  long  open 
corridor.  Two  strips  of  black  tape  had  been  applied  to  the  white  floor  with  a  separation  of  34.2 
cm  to  define  a  straight  10.0  m  long  path.  For  a  description  of  the  procedure  see  "Walking 
Task"  in  the  General  Methodology  section  of  this  report. 


A  persistence  score  was  defined  for  each  subject  in  the  following  manner.  The  mean 
distance  walked  for  the  ten  trials  with  5  and  60  seconds  occlusion  times  was  obtained  and  the 
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persistence  score  was  defined  as  the  slope  of  the  line  between  these  means,  as  calculated  using 
the  following  equation; 

(mean  distance  walked  after  60  si  -  (mean  distance  walked  after  5  s) 

55  s. 

Quantification.  Subjects  were  divided  into  3  groups  based  on  the  degree  of  nausea  and 
motion  sickness  experienced  during  rotation:  a  susceptible  group;  a  non-susceptible  group;  and 
a  non-classifiable  group.  The  susceptible  group  was  defined  as  those  subjects  having  either: 

1)  a  VAS  score  of  greater  than  200  mm; 

2)  requested  early  termination  of  rotation; 

3)  a  VAS  score  of  greater  than  60  mm  and  a  corrected  Graybiel  score  (baseline  reports 
subtracted  from  the  reports  during  rotation)  of  greater  than  or  equal  to  6.  Any  subject  who  did 
not  meet  criteria  1  or  2  and  had  conflicting  data  on  criteria  3  was  placed  in  the  non-classifiable 
group.  The  other  subjects  were  placed  in  the  non-susceptible  group.  This  resulted  in  22 
subjects  being  classified  as  susceptible,  20  as  non-susceptible  and  8  were  non-classifiable. 

Subjects’  persistence  scores  were  correlated  with  their  VAS  scores  using  a  rank  order 
correlation.  In  addition,  the  persistence  scores  for  the  susceptible  group  were  compared  to  those 
of  the  non-susceptible  group  using  a  between  subjects  t-test. 

Results 

As  can  be  seen  in  Table  1,  the  group  that  tested  susceptible  to  motion  sickness  had 
significantly  lower  persistence  scores  than  the  non-susceptible  subjects,  meaning  that  they  had 
longer  persistence  as  a  group.  This  difference  was  significant  at  the  0.05  level. 

When  individual  persistence  scores  were  correlated  with  both  subjective  and  physiological 
measures  of  nausea,  the  general  finding  was  the  greater  the  persistence,  the  more  severe  the 
symptoms.  Two  examples  follow.  The  correlation  of  persistence  with  subject  reports  of  nausea 
on  a  visual  analog  scale  was  0.32,  significant  at  the  0.05  level.  And  the  correlation  of 
persistence  with  percentage  of  gastric  tachyrhythmia  in  the  EGG  was  0.43,  significant  at  the 
0.006  level. 


EXPERIMENT  U 
Purpose 

The  two-fold  purpose  of  Experiment  II  was  to  attempt  to  replicate  the  results  of  the  first 
experiment  with  a  new  group  of  subjects,  and  to  develop  a  new  measure  of  visual  persistence 
that  minimized  motor  activity. 
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Method 

Subjects.  The  subjects  were  24  Penn  State  students,  10  males  and  14  females,  who  had 
not  participated  in  the  previous  experiment. 

Apparatns.  The  same  apparatus  was  used  as  in  Experiment  I  with  the  addition  of  m  IBM 
compatibSe^PC  which  was  used  for  the  computer  simulation  task.  The  computer  with  attached 
ZS  dilpbyed  a  blue  screen  with  two  vertical  white  lines  in 

were  50  oixels  apart  A  mouse-controlled  cursor  was  located  at  the  bottom  ot  the  sc  ^ 
Se^n  tetwo  vertical  lines.  Special  goggles  were  used  to  occlude  the  subject’s  vision  when 

appropriate. 

Procedure.  Subjects  participated  in  three  sessions  at  l^t  one  day  ap«;  motion  access 
testing  the  walking  task,  and  the  computer  simulation  task.  The  procedure  used  tor  the  f 

Z  idZcal  to  that  used  in  Experiment  I.  See  the  General  Methodology  secuon  of  this 
report  for  a  description  of  the  computer  simulation  task. 

Results 

As  can  be  seen  in  Table  2,  the  persistence  score  based  on  the  waking  for  the  group 
that  was  susceptible  to  motion  sickness  was  more  negative,  meaning 

asvmZmatic  group,  but  the  difference  was  not  significant.  And,  again  unlike  the  Endings  from 
S  ex^men't,  there  was  not  a  significant  ,«sitive  conelation  betw^n  persistence  and 
reports  of  nausea  and  gastric  tachyarrhythmia  experienced  in  the  rotating  dru  . 

The  effects  of  occlusion  time  on  the  computer  simulation  task  were  very  different  from 
the  effects  on  the  walking  task  and  can  be  summanzed  as  follows: 

a)  No  systematic  effect  on  distance  travelled  prior  to  crossing  one  of  the  two  parallel 
boundary  lines. 

b)  No  systematic  effect  on  standard  deviation  from  optimal  path  to  the  end. 

c)  Total  time  to  complete  a  trial  increased  from  a  mean  of  8.0  seconds  to  8.4  seconds  as 
occlusion  time  increased. 

Since  there  was  not  a  systematic  effect  of  occlusion  time  on  the  computer  simulation  task, 
we  com^^n^  Sairacross  oLlusion  times  and  found  that  there  was  a  significant  positive 
correlation  between  distance  travelled  prior  to  crossing  a  boundary  line  ^d  reports  of  naus^ 
in  the  rotating  drum.  This  suggests  that  using  this  measure  of  persistence  the  results  ar 
to  those  obtained  using  the  walking  task  in  Experiment  1-greater  persistence  is  associated 
more  severe  symptoms  of  motion  sickness. 
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EXPERIMENT  IH 
Purpose 

The  first  goal  of  the  third  experiment  was  to  reexamine  the  conflicting  results  of  the  first 
two  experiments  with  regard  to  the  relationship  of  persistence  as  measured  by  the  walking  task 
and  symptoms  of  motion  sickness.  The  second  goal  was  to  look  at  the  relationship  of  temporal 
measures  of  vection  in  relationship  to  symptoms  of  motion  sickness.  The  third  goal  was  to 
investigate  the  relationship  of  spatial  abilities  to  susceptibility  to  motion  sickness. 

Method 

Subjects.  The  subjects  were  45  Penn  State  students,  30  female  and  15  male,  who  had 
not  participated  in  either  of  the  two  previous  experiments. 


Apparatus.  The  apparatus  used  to  measure  susceptibility  to  motion  sickness  and 
persistence  as  measured  by  the  walking  task  were  the  same  as  that  used  in  the  first  two 
experiments.  In  order  to  quantify  the  sensation  of  vection  inside  the  rotating  drum,  the  subject 
held  a  small  dial,  actually  a  voltage  divider  attached  to  a  battery  and  one  channel  of  the  Gould 
recorder,  and  turned  a  knob  on  it  from  the  extreme  left— no  vection— towards  the  right,  indicating 
that  he/she  felt  that  he/she  was  rotating  and  the  drum  was  stationary.  This  provided  a 
continuous  measure  of  the  level  of  illusory  self-motion  experienced  by  the  subject.  Paper  and 
pencil  tests  of  spatial  abilities  and  the  rod  and  frame  test  were  also  added  in  Experiment  III. 

Procedure.  Session  1  consisted  of  motion  sickness  testing.  The  only  change  in  the 
procedure  from  the  two  previous  experiments  was  that  during  drum  rotation,  the  subject 
indicated  his  or  her  level  of  vection  by  turning  a  knob  on  a  dial.  Session  2  had  two  parts  which 
were  counterbalanced,  the  walking  task  and  the  spatial  tasks.  The  procedure  used  for  the 
walking  task  was  identical  to  that  use  in  the  two  previous  experiments.  Three  spatial  tasks  were 
used.  Subjects  completed  a  paper  and  pencil  mental  rotation  test  (Shepard  &  Metzler,  1971),  and 
a  paper  and  pencil  water  level  test  (Liben,  1991)  to  measure  their  internal  sense  of  the 
horizontal.  In  addition,  the  rod  and  frame  test  (Linn  &  Kyllonen,  1981)  was  used  to  measure 
the  subjects’  internal  sense  of  the  vertical. 


Results 

No  systematic  relationship  was  found  between  persistence  as  measured  with  the  walking 
task  and  symptoms  of  motion  sickness.  The  average  amount  of  vection  reported  by  subjects  did 
not  differ  as  a  function  of  susceptibility  to  motion  sickness.  Susceptible  subjects  did  show  a 
significantly  greater  increase  in  percentage  of  gastric  tachyarrhythmia  from  baseline  to  drum 
rotation  than  did  the  non-susceptible  subjects. 

For  the  mental  rotation  task,  there  was  a  significant  interaction  between  sex  of  subject 
and  susceptibility  to  motion  sickness  (F= 10.76,  p<  .002).  Of  the  susceptible  subjects,  females 
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did  worse  on  the  mental  rotation  task,  but  for  the  nonsusceptible  subjects,  males  did  worse. 
Subjects  who  developed  symptoms  of  motion  sickness  did  significantly  worse  on  the  water  level 
task  (F=7.32,  p<  ,01).  The  results  of  the  rod  and  frame  test  showed  no  systematic  relationship 
to  susceptibility  to  motion  sickness.  Males  showed  a  significantly  higher  level  of  performance 
on  all  three  tests. 


GENERAL  DISCUSSION 

This  research  project  was  designed  to  be  a  three-year  program  and  was  funded  for  three 
years;  however,  funds  were  terminated  after  one  year.  Three  experiments  were  completed;  the 
focus  was  on  developing  measures  of  visual  persistence  and  relating  these  measures  to 
susceptibility  to  motion  sickness.  Plans  had  been  made  and  permission  granted  to  study  the 
relationship  of  the  persistence  of  visual  cues  to  disorientation  on  a  flight  simulator  at  Wright- 
Patterson  AFB,  but  this  work  could  not  be  done  because  of  the  termination  of  funding. 

In  the  first  experiment,  persistence  as  measured  with  a  walking  task  was  related  to 
severity  of  symptoms  of  motion  sickness.  Those  subjects  who  could  walk  blindfolded  between 
two  parallel  lines  just  as  well  after  60  seconds  of  occlusion  as  they  did  after  5  seconds  of 
occlusion,  subjects  who  showed  high  persistence,  reported  significantly  greater  motion  sickness 
than  subjects  who  showed  low  persistence. 

In  the  second  experiment  a  computer  simulation  task  similar  to  the  walking  task  but 
requiring  minimal  motor  effort  was  used  to  measure  persistence.  This  measure  when  collapsed 
across  occlusion  times  showed  that  greater  persistence  was  correlated  with  greater  symptoms  of 
motion  sickness.  However,  the  walking  task  used  in  the  first  experiment  failed  to  show  any 
relationship  to  motion  sickness. 

In  the  third  experiment  we  developed  a  continuous  measure  of  vection,  and  used  this  as 
another  indication  of  degree  of  persistence.  However,  vection  was  not  related  to  reports  of 
motion  sickness,  and  persistence  as  measured  with  the  walking  task  also  failed  to  show  a 
relationship  to  motion  sickness.  On  the  other  hand,  performance  on  the  water  level  task  was 
found  to  be  related  to  susceptibility  to  motion  sickness,  but  performance  on  the  rod  and  frame 
test  was  not.  Performance  on  the  mental  rotation  task  showed  an  interaction  between  sex  and 
susceptibility  to  motion  sickness. 

The  results  of  our  initial  three  experiments  were  very  promising  and  suggest  that  our  concept 
of  persistence  of  visual  cues  might  be  broadened  to  include  spatial  abilities.  At  this  time  we  are 
not  in  a  position  to  comment  on  the  nature  of  the  relationship  between  persistence  and  spatial 
abilities  or  what  we  might  call  perceptual/cognitive  style.  However  we  continue  to  believe  that 
this  emerging  concept  of  perceptud/cognitive  style  is  germane  to  the  issue  of  individual 
differences  in  responding  to  rapidly  changing  visual  environments.  For  example,  the  onset  of 
disorientation  problems  related  to  the  landing  of  a  single-pilot  aircraft  often  coincides  with  the 
moment  that  pilots  emerge  from  cloud  cover  and  make  a  rapid  visual  transition  from  the  cockpit 
to  the  landing  strip.  This  may  well  be  due  to  visual  information  from  the  cockpit  persisting  and 
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interfering  with  the  information  being  obtained  from  the  outside  environment  ( Leibowitz,  1987). 
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TABLE  1 


Summary  of  Persistence  Data  by  Group  Based  on  Walking  Task 
Used  in  Experiment  I. 


number  of 
subjects 

mean 

persistence 

score* 

standard 

deviation 

standard  error 
of  the  mean 

Non-susceptible 

22 

-2.30 

2.00 

0.45 

Susceptible 

20 

-0.94 

2.25 

0.48 

*  The  greater  the  negative  value,  the  less  the  persistence. 


TABLE  2 

Summary  of  Persistence  Data  by  Group  Based  on  Walking  Task 
Used  in  Experiment  II. 


number  of 
subjects 

mean 

persistence 

score* 

standard 

deviation 

standard  error 
of  the  mean 

Non-susceptible 

9 

-1.21 

2.33 

.78 

Susceptible 

11 

-1.81 

1.92 

.58 

*  The  greater  the  negative  value,  the  less  the  persistence. 


